are often localized to specific niches, where they utilize With more than 2,000 growth factors purified and/or many but not necessarily all, of the external and intrinsic cloned at the close of the millenium, the ability to employ cues used by their embryonic counterparts in selecting growth factor supplements to direct ES cells down spea specific fate. Locating and analyzing stem cell niches cific lineage pathways seems on the one hand endless and elucidating the molecules that orchestrate specific and on the other, hopelessly complex. While the nudevelopmental programs are important steps in deances of obtaining pure ES-derived clonal precursor termining the key components of the environment that cells are still poorly understood, headway has been legislate differentiation commitments and stem cell regmade in determining which extrinsic factors govern cerulation. tain other lineages. As new clues are obtained from additional developmental and cell culture studies, an understanding of how human ES cells choose other specific pathways of differentiation will continue to provide pivotal groundwork for future clinical applications of stem cell technology.
The Existence of Adult Stem Cells and Their Niches
Identifying the signals that regulate stem cell differentiation is fundamental to understanding cellular diversity. 
Some stem cells of adult mammals don't seem to
The hair follicle is composed of an outer root sheath (ORS) that is contiguous with the epidermis, an inner have a specified niche within their respective tissue. Thus, for example, skeletal muscles are renewed primarroot sheath (IRS), and the hair shaft itself ( Figure 4B ). The actively dividing cells that give rise to the IRS and ily upon injury, when quiescent satellite myoblasts attached to muscle fiber bundles become reactivated, hair shaft are called matrix cells, a transiently dividing population of epithelial cells in the follicle bulb that enproliferating transiently and then fusing to form the differentiated myotubes necessary to repair damaged figulf a pocket of specialized mesenchymal cells, called the dermal papilla. In the adult hair follicle, the lower bers (for review, see Miller et al., 1999) . In other cases, however, a stem cell compartment is established within segment undergoes periods of active growth (anagen) and destruction (catagen/telogen) ( Figure 4B ; for review, a developing tissue, and cells within this niche are then activated in response to specific environmental cues. see Hardy, 1992) . As matrix cells exhaust their proliferative capacity, the follicle regresses, dragging the pocket Figure 4 illustrates five different examples of stem cell compartments that reside within adult tissues.
of dermal papilla cells up to the permanent epithelial portion of the follicle, called the bulge, which is the Self-Renewing Epithelial Stem Cell Niches Epidermis and Hair Follicles. A prime example of a tissue putative home of follicle stem cells (for review, see Lavker et al., 1991). In response to a stimulus from the that must undergo continual and rapid self-renewal is the epidermis and its notable appendage, the hair follidermal papilla, one or more stem cells in the bulge commit to regenerating the follicle. These stem cells can cle. Derived from a common embryonic origin and located at the skin surface, mammalian epidermis and also generate epidermis, and upon wounding or burn injury, cells from this region of the follicle reepithelialize hair follicles are naturally exposed to ultraviolet radiation and other physical and chemical assaults, necessitating the damaged epidermis (Green, 1991). Given nature's desire to tuck stem cells away from a mechanism for self-renewal as well as for protecting the stem cell compartment(s). The epidermis does so harm's way, the bulge would seem to be the ideal niche to harbor both epidermal and follicle stem cells, and by maintaining a single inner (basal) layer of dividing cells, which periodically withdraw from the cell cycle, experimental evidence in favor of this hypothesis continues to accumulate. Thus for example, bulge cells have commit to differentiate terminally, and move outward toward the skin surface ( Figure 4A) As development progresses, HSCs migrate to the fetal 1998 and references therein). These include elevated levels of cell surface integrins, and the ability to adhere liver, a process that relies heavily on ␤1 integrin. This integrin partners with several ␣ subunits on the HSC rapidly to type IV collagen (␣2␤1 receptor) and fibronectin (␣5␤1 receptor). As judged by immunofluorescence, surface, reacts to environmental cues and governs the expression of new intrinsic factors (Hirsch et al., 1996;  these cells also appear to have reduced levels of the intercellular junction protein, E-cadherin (Moles and for review, see Orkin and Zon, 1997). While in residence in the fetal liver, some HSCs can differentiate to give Overall, the hematopoietic stem cell is not so primitive as once supposed, and researchers can still look with of neurons, it is tempting to speculate that some type of reprogramming must take place in the conversion of confidence to the principles learned from the HSC in seeking to understand the features of other adult stem a glial-like stem cell to a neuron. While this may be the The ultimate goal for molecular medicine is to channel multipotent human cells with high proliferative capacity viously imagined.
We are now faced with the perception that higher into specified differentiation programs within the body. If this becomes possible early in the next millenium, and vertebrates harbor many niches that can support the maintenance and self-renewal of stem cells, and that all indications are that it will, a multitude of therapeutic uses can be envisioned. Among these are the generation the environment or niche provides a crucial but not necessarily irreversible impact on the ability of a stem cell of different types of neurons for treatment of Alzheimer's disease, spinal cord injuries, or Parkinson's disease, the to select particular fates. The niche also influences the biochemical and morphological properties of stem cells, production of heart muscle cells for congenital heart disorders or for heart attack victims, the generation of and in many cases, the bearing is so great that the outward appearance of some stem cells has fooled ininsulin-secreting pancreatic islet cells for the treatment of certain types of diabetes, or even the generation of vestigators into thinking that these cells were not sufficiently primitive to be considered a stem cell at all. and together face these very difficult moral and ethical
